iv..»„fnenosit: nrtnher 15. 2003 



Date of Deposit: _ wctoDer .j, . ..^ ^^,h the Un ited States 

,he«bycemiy that this paperor^^^^^^^^^^^ 
Postal Service "Express Mail Post Oft-'-;^ to Afla«^ 
1 . 1 0 on the date indicated above and V A 

Application; P.O. Box 1450; Commissioner for Patents, Alexana 

22313-1450. 



PRESSURE MANAGEMENT APPARATUS AND METHODS 

«3 appUcaUon claim, fte benefit of U.S. ProvUional Application No. 

„ V ,5 7nm the entire disclosure ot which is herein 
60/418,398, filed October 15, 2002, the enure 

incorporated by reference. 

Tyr-mv ur/^l. FIELD 
This invention relates generally to a pressure management apparatus, and 
more parHcularly, to a pressure management apparatus adapted to facilitate selective 
venting between a tank interior and the surrounding enviro«nent a. predetermtned 

pressure differentials. 

service staUons typically employ underground storage tanks to store fUel or 
chemicals to be dispensed by an above ground dispensing station. Under^ound 
s«.«ge tanks and associated piping pose potenHal enviromnental concerns. It ts 
desirable to maintain the structural integHty of the tan. to prevent leakage ot ft.el 
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and/or ofter chemical, from U^e ^ to fte su— g envronme... Moreover, ,he 
mus. include a efficient closure .0 minimize or p«ven. loss of *,el or chemical 
vapors from to tank while permitting selective access to the interior of the tarie. An 
airtight remov^le closure may minimize or prevent vapor loss but can result in 
damage to the tan. if pressure differentials are permitted to develop between dte tank 
interior and the surrounding environment. 

„ is known in the ari to provide a r«novable closure that is intended to 
mimmize vapor loss while protecttng against over pressurization and under 
pressurization. For example. U.S. Pat. Mo. 2,088,226 to Arvintz dUcloses a combmed 
plug and valve device for use ,n connexion with vent pipes or filling pipes of a 
gasoline tank. Arvintz further discloses . cup-shaped strainer device for use with dte 
combined plug and valve device. Arvintz, .»wever. fails to adec,uately provide a 
nser-friendly pressure management apparatus Urat can ftmction under stnct 
environmental regulations unposed by many jurisdicSons. 

Due to increasingly strict enviro.nnen.al regulations, there is a continuing need 
f„, pressure management apparatus adapted to minunize release of vapors tern the 
intenor of a storage tank widrout damaging the tank due to overpressurization or 

underpressurization. 
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Accordtaglv, U is an objec. of .he p.se„. inv».ion .o obviate problems and 
^oncomings of convenUona, and previously avaiiaMe pressure managen^en. 
apparams. More par«cu.ar>y. i. is an object of .he present invenHon .0 provde a 
p^ .nanagemen. apparan. adapted .o — vapor loss ft»nt the interior of a 



Storage tank. 



:„ aocord^ce witt, one aspec. of .he present invention, a pressure 
«en,ent apparatus for coupling to an end of a vent pipe of a storage tank ,s 
p^vided. The pressure management apparah. includes a housing »id. an -ntenor 
and a co^tecU.. configured for coupling .o an end of a ven. pipe. A pressure valve ,s 
SntHer provided and located at least partially within the interior of the housmg. The 
p^sure management apparatus also .ncludes a removable filter widt a portion 
configured to be selectively securely held between a portion of the housing and a 
portion of a vent pipe in use. The filter is adapted to minimize and/or prevent debris 
^m traveling 6om an interior of a storage tan. to the .n.erior of d,e housing. Tl,e 
appa^ms is configured such *a, in use, disengaging fire housing fiom a ven. p.pe 
..eases fi,e fiUer to permit removal of the filter fiom componenU of fire pressure 
management apparatus. 

M accordance wifi, anofter aspec. of the present invenfion, a pr«sure 
management apparatus is provide, that includes a housing wrth an .nterior and a 
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^conn^red.. — .oa«..o..ve..pe.^ep^.u..a„a.e„e„. 
,^„.a,so>„.»d.a.ess.evaWe,oc..ea..eas.pa.a,,,wi.H...ei„.e„o.of 

..we po«io„. A .g. press.. vaWe sea. is a™,.ed .e.»ee„ an area of .^h 
,»s^va,veporUo„an.a.areaofU,e.o....A-P-.eva.vesea,isa,. 

_,ea .e^een an area of .e .ow ^ss^ va,ve .r«on an. a„o.er area of .He 
,^p^.eva,veporaon.A..eas.o„eof*e,o.press.neva,vesea>an.U,ehr^ 
,essureva.vesea.are.nnea^n,apHa.,ec,<,se.^Un,are.a,.T.e.^pressn. 

,,,e porUo. is conB^ea U, release fluid 6«„ an inferior of a storage ^ . ^ 
_„„ai„,e„—whe„.epress.rew,*.ani„.eri„roras.ora.e .arises 

a preae.er.,„e. ievei. . addirion, «re ,o«er pressure vaive porUon .s 
.„fi^ea.„a.n,i.fluidfiom*esurroun.„«en— .oanin.eriorotas»>ra.e 

predetermined pressure. 

,„ aceoraance wiU. s«n aspeCs of *e presen. inveu.io„. a pr^sure 

„.a.en.en.appara„.isprovia«.*a.ine,u.esanaaap.erconfi^toreoupU„..o 

.en.ofave.pipeanaa.ous..ineM.sanin.eriora«daco™eCorren,ova.v 

en^sed wUK adap.er. ^ pressure o.ana,e„.ent apparatus inciudes a pressure 
v.vewi*a.shpressurevaiveporaona„da,owpressureva,vepomo.wHerein.e 

,essureva,veis,oca.eaaf.eas.par«a.,vwi*in*ei„.eriorof.e.ous.n.A.* 
^.Wesea„sarra„sed.e.eenan^of*e*pressurev.vep„r.ionand 
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,he >ow pr^sure vaWe portion and ano«,e, area of *e Hgh press«e valve port,on. 
The .o» pres^e valve sea. and high pressure valve seal are eaeh formed fton, a 
pUable closed-cel, epiehlo^hydrin. The high press^e valve por«on is configured to 
..ease fluid from an interior of a storage tan. to the surtounding environment when 
«,e pressure within an interior of a storage tank rises ahove a predetermined leve,. In 
addition, the lower pressure va,ve portion is configured to admit fluid fiom the 
funding enviro^nen. to an interior of a storage tan. when the pressure widtin an 
interior of a storage tank drops to a predetemtined pressure. V.. pressure 
management apparatus hndter includes a removahle filter including a ^rtton 
.onflgured to U selectively securely held between a portion of the adapter and a 
p<^on of the housing to restrain movement of the filter with respect to the housing 

„yeling fiom an interior of a storage tank to ^e interior of the housing, .n use. 
^senga^ngtheconnector of the housingf^mtheadapterreleasesthe filter «> permit 

removal of the filter ftom compon^ts of the pressure management apparan.s. 

,„ accordance with additional aspects of the present invenUon. methods of 
p„viding a pressure management apparan. .e disclosed. In on particular aspect of 
.he present invention, disclosed h^n is a method of providing a pressure 
manag^ent apparatus with an adapt, configured for coupling to an end of a vent 
pipe The pressure management apparatas includes a housing wim an interior and a 
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co,mecU>r removably «,gaged wi.h fce adapter. A pressure valve is located a. leas, 
partially wiM„ Ae interior of the hording. A renaovable filter is also provided with a 
portion trapped be^veen a portion of the adapter and a portion of me homing to 
restrain movement of me filter with respect to Ute housing and the adapter. The 
„emod includes the steps of disengaging me connector of me housing firom the 
adapter to release the filter, removing me filter from an area of me pressure 
management apparatus and inserting a new filter into me area of the pressure 
management appara««. The method still further includes me step of re-engaging fte 
connector of the housing to me adapts such mat a portion of me new filter is trapped 
between a portion of me adapter and a portion of me housing to restrain movement of 
me new filter wim respect to me housing and me adapter. 

In accordance wim further aspects of me present invention, disclosed herein 
are memods of providing a pressure management apparan.s wim a housing incMng 
an interior and a connector removably engaged wim an end of a vent pipe. A pressure 
valve is located a, leas, partially wimin me interior of me housing and a removable 
filter is provided wim a portion trapped between a portion of me vent pipe and a 
portion of me housing to restrain movement of me filter wi* r«pect to me housing 
and me vent pipe. The memod includes me steps of disengaging me comrector of me 
housing from me vent pipe to release me filter, r^oving me filter from an area, and 
inserting a new filter into the area. Hre method firther includes me step of re- 
engaging me connector of me housing wim me vent pipe such mat a portion of me 
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««ai„ »ove.e„. ot .he new ffl.« wUh ,esp.. .0 me housing and *e ven. p,pe. 

,„ acoorfance wiU> sUU «her aspeC of .he present inven«on. disclosed 

Herein are nrethods of providing a pressure n,a„age™en. apparan. wi* an a^p.er 
e„„fig^forconp,ing.oa„e„-faven.p,pe.ahousinsinc,udinga„in.er.or»da 

par^aiiy wi«.n .he i„.eHor of *e housing. A re^ovah.e m.er is provided a 
,r«„n capped he.wee„ a porUon of adap.er and a por.ion of *e housing .o 

.edrod comprises .he s«ps of d,sengaging d,e conneCor of .e housing *e 

.epsofr.engagingmeconnec.or of *ehousing.o.he adapter such«..apor«on of 
.efiher is trapped hetweena^rtionofthe adapter andaportionofthe housing to 

^.rainn^ovementofme filter wiUrrespeCtothehousingandfte adapter. 

.„ accordance with ye. additional aspects of the present invention, disclosed 
.ere,n are merhods of p^viding a pr«sure ™anagen.en. appara^s including a 
Housing wid, an interior and a connector r»ov*.y engaged with an end of a ven. 

A pressure valve is located a. least parUally within the interior of the housing. 

^ .«„ov*,e filter ,s provided with a porHon trapp^ between a portion of d.e vent 
,lpeandapor«onof.hehousi„gtores..inmovcn,en.ofthefilterwithrespect.o.he 
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,„.i„g a™, .he veo. pipe. The n-eftod comprises .he ..eps of d,.„gag-ng ,he 

ana re^gagtag fte co„nee.or of housing with *e vent pipe such .ha. a po«io„ of 
..e flUer is .apped he.ween a ponion of tt.e van. pipe and a porton of ^ housing .o 
Attain movement of fte fil.er wi.h respec, .o tt.e housing and fte ven. pipe. 

S,in ott-er ohjec« and advan^ges of «>e piesen. inveniion will become 
apparen. .0 ftose skilled in *e art from *e following description whe^in ttere are 
shown and described a,.en,a.ive exemplary e«bodime„. of .his invenhon. As wrll 
be realiz^l. «-e inven.ion is capable of o*er different obvious aspeCs and 
embodimen,s, all wi.hou. departing from .he inveniion. Accordingly. U,e drawings 
and descriprions should be regarded as illusfrative in namre and no, as res.ric.we. 

nFscRirTinn ^P" "«*wings 

While fte specificarion concludes wi4 claims particularly poiniing ou. and 
distincUy claiming .he presen. inven.io„, i. is believed *e same will be be«er 
undersUKK. from toe foUowing description .aken in conjunCion wrti, «.e 
accompanying drawings in which: 

FIG. 1 is a perspective view of one exemplary pressx^e management apparatus 
coupled to an end of a vent pipe of a storage tank; 

FIG. 2 is a top plan view of the pressure management apparatus of FIG. 1; 
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FIG. 3 is a sectional view of the pressure management apparatus along line 3-3 
of FIG. 2; 

FIG. 4 is a sectional view of the pressure management apparatus along line 
of FIG. 2; 

FIG. 4A is a sectional view similar to FIG. 4 except that a connector of the 
pressure management apparatus is coupled to an end of a vent pipe without the use of 
an adapter; and 

FIG. 5 is a partial sectional schematic v,ew of an undergro«,d storage tari. 
arrangement «im a vent pipe having a pressure management apparatus installed 
thereon in a^rdance with exemplary embodiments of the present invention. 

Turning now to the drawings in detail, wherein like numbers indicate the same 
or corresponding elements throughout the views. FIG. 5 depicts an exemplary storage 
..nk 110 including hcuid .14, such as hydn>ca*on ft-el. stored in an interior 112 of 
the storage tank 110. While the storage tank 110 is illustrated as an example of an 
underground arrangement, it should be understood that the present invention is 
Cually applicable to all varieUes of storage tank applications, both above and below 
ground. A vent pipe lOO can also be included for communication between the storage 
rank interior 112 and the surrounding environment. An exemplary pressure 



3356-137 



„.appa..s.Oca„.co„p«»a„-.O.of.eve„.p.pe.C«.oass.. 
i„ magging the pr^sure of the storage udc intorior U2. 

^- 1 ™.n«-.tive view of an exemplary pressure 
FIO 1 illustrates a partial peispecuve view 

^gement apparatus ,0 couple, to a. ^ .02 of a vent pipe ,00. The pressure 
management apparaUis .0 inelu.es a housing U, for example, with an upper housing 
H and alower housing .6. As illustrated in the exemplary emhodiment of PIGS. 1-4, 

.nventional manner. Forming the housing as separate memhers may simplify 
injection molds and aiso permit attachment of addiUona, components of the apparaUis 

emhodiments, the houshig mi^t he .rmed as a sin^e piece, wherein . e 
ftmetionality of the upper and lower housings are incorporated in a single, integrally- 
formed Piece. Porming the houshig as a single, integrally-formed piece may reduce 
assembly steps and therefore reduce manuftcuring costs. 

AS further illustrated in PIG. 1, the pressure management apparatus .0 may 
include an optional lid 20 that can he removahly comie^ed to the housing 12. Por 

• PTP ^ the lid 20 may be provided with a latch 24 for 
example, as best seen in FIG. 3, the hd m y h 

..ective engagement with an opening ,3 defined in an outer portion Ma of the 
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fton, ^ ns en—- Ud 20, it provided, ™ay <U«her 

inciude a spou. 22 and raised r,™ 23 .0 faci.i».e co„«ol of condensation *a. may 
coUeo. on U,e upper s^ftce otihe Ud 20. As depicted n, .he .op pian view of F.O. 2, 
*e spou. 22 n,ay be ^ged a. a radia, ,oca«on .0 direct condensed ti.d radtaiiy 
,„ay ftom the pr^snre management apparatus 10 and/or Are storage tan. .10 
positioned generally be,ow.hepr.snrema„agemen.apparat.lO.Mthoughasing,c 

spon. 22 is Ulus.ra.ed. it should be understood .ha. spou. or fluid controllers of 
alternate designs and/or a plurality of spou.. may be radially arranged about Ore 
circumference of the lid 20. 

J- mrQ 1 ^and4 exemplary embodiments of the 
As furtherbest illustrated m FIGS. 1,3 and 4, exe p y 

pressure management apparatus 10 ma, include an optional adapter 18 to asstst in 
coupling the pressure management apparams to an e,^ 102 of a ven. pipe 100. For 

veut pipe .00. In one exemplary embodiment, the ad^ter 18 includes threads (e.g.. 
external tteeads ISa, for coupling with corresponding threads (e.g., internal threads 

• mr 1 the outer surface of the adapter 18 
16a) of the comiector 12b. As shown m FIG. 1, the outer 

1 f... 1 8d such as a flat portion to allow gripping of the adapter 
may include a tool surface 18d, sucn as a v 

of flat sur^ (one of die surfaces being shown in P.O. 1) .» allow gripping by a 
wrench. AUhoughnot Shown. it isunderstood«>a,theoutersu.face„fd,eadapterlS 
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may comprise hexagonal, octagonal, or other shapes to provide a plurality of gripping 
surfaces, such as opposed pairs of tool surfaces. 

The adapter 18 may further include additional threads, such as internal threads 
18b adapted to be coupled to external threads 104 on the end 102 of the vent pipe 100. 
The interior and exterior threads are exemplary in nature and other mechanical 
arrangements may be used to provide for removable engagement between the pressure 
management apparatus and vent pipe such as a clamp arrangement, set screw, 
adhesive or other removable engagement arrangement. As further illustrated in FIG. 
3, the adapter 18, if provided, may include a seal 17, such as a rubber O-ring, to 
facilitate a substantially fluid tight comiection between the housing 12 and the adapter 
18. 

AS described above, the comiector 12b can be configured for coupling to the 
end 102 of the vent pipe 100 by use of the adapter 18. Providing an adapter may be 
desirable to create an extension for at least partially shrouding a removable filter 60. 
As shown, the adapter 18 protects the filter 60 by permitting extension of the filter 60 
at least partially into an interior 19 of the adapter 18. The adapter 18 may also allow 
selective removal of the filter 60 and the housing 12 together as a single unit while 
protecting the filter 60 from damage. FIG. 4A depicts the comiector 12b being 
configured for coupling to an end 202 of an alternative vent pipe 200 without the use 
of an adapter. Rather the connector 12b is configured for direct coupling to the end 
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202 of the vent pipe 200. As shown in FIG. 4A, interior threads 16a of the connector 
12b match the exterior threads 204 on the end 202 of the vent pipe 200. As further 
shown, the end 202 of the vent pipe 200 may be provided with a seal 217, such as a 
rubber O-ring, to facilitate a substantially fluid tight connection between the housing 
12 and the vent pipe 200. 

In alternative embodiments, the pressure management apparatus may be 
simplified by elimination of the adapter, wherein the filter may be positioned adjacent 
the end of the vent pipe with the comiector of the housing being engaged with the 
threads of the end of the vent pipe to secure the filter in place. In still fvxrther 
embodiments, the com^ector may be adapted for alternative use with or without an 
adapter to allow various configurations to be selected depending on the preferences of 
the consumer. 

Turning to FIG. 4, the pressure management apparatus 10 is fiirther illustrated 
as including a pressure valve 30 located at least partially within the interior 12a of the 
housing 12. The pressure valve can include a high pressure valve portion 32 and a 
low pressure valve portion 40, wherein the high pressure valve portion 32 can be 
configured to release fluid from the interior 112 of the storage tank 110 to the 
surrounding enviromnent when the pressure within the tank interior 1 12 rises above a 
predetermined pressure. Similarly, the low pressure valve portion 40 can be 
configured to admit fluid from the surrounding environment to the tank interior 1 12 of 



13 



3356-137 



the storage tank 110 when the pressure within the tank interior 112 drops below a 
predetermined pressure. 

AS farther illustrated in FIGS. 3 and 4, the pressure valve 30 can also include a 
high pressure valve seal 36 arranged between an area 34a of the high pressure valve 
portion 32 and an area 34b of the housing 12. In addition, a low pressure valve seal 
46 can be arranged between an area 44b of the low pressure valve portion 40 and 
another area 44a of the high pressure valve portion 32. TTie high pressure valve seal 
36 and low pressure valve seal 46 can be trapped or positioned in place based on the 
shape and arrangement of the remaining components of the pressure management 
apparatus 10. In further embodiments, the high pressure valve seal 36 and low 
pressure valve seal 46 can be attached with one or more fastening arrangements. For 
example, the seals may be attached with an adhesive and/or the seal can be mounted 
in place. As shown in the example of FIG. 4, the low pressure valve seal 46 can be 
connected to a plug 42 of the low pressure valve portion 40 with a washer 48 held in 
place by a circlip 50 attached to a shank 43 of the low pressure valve portion 40. 

As further illustrated in FIG. 4, the plug 42 of the low pressure valve portion 
40 may be biased against an underside of the high pressure valve portion 32 with a 
biasing member 52, such as a compression spring. A stop member 54 can be 

connected to the shank 43 to provide an abutment area for the biasing member 52. 

The stop member 54 may be adjustable with respect to the shank 43 to permit pre- 
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setting of .he iniUal compression of *e biasing member, and therefore, an ini.,.1 
Hasing force of flre plug 42 agains, me underside of me high pressure valve por«on 
52 For example, by adjus^ng *e stop member 54 » increase .he bias,ng member 

valve pordon 40 may be increased. In «s way, a predetennined base or .owes, 
p^sure necessary .o break d>e seal between *e area 44a of ttre high pressure valve 
p„„i„„ 32 arKl Ure low pressure valve seM 46 to admi. fluid ftom Ute surrounding 
environment U> an interior of the storage tank can be "dialed" into tbe apparams. The 
stop member 54 may comprise a nut tha. can be ro.a.ably adjustable on a threaded 
portion ofthe shank 43. AlUrough not shown, a second nut may also be provided to 
^unction as a lock nut, hereby preventing inadverten. adjustment ofthe stop member 
54 once it is adjusted .o the desired pressure. 

this example, the weight of the high pressure valve porUon 32 provides a 
statilax bias against the high pressure valve seal 36 to facilitate the re,uired sealing 
^een the housing 12 and Ute high pressure valve portion 32. Adjusting the weigh, 
ofthe high pressure valve seal 36 may similarly permit different initial biasing for^ 
of the high pr^sure valve portion 32 agains. the high pressure valve seal 36. For 
example, increasing the weight of the hi^ pressure valve portion 32 may cause a 
higher pressure against the hi^ pressure valve seal 36. Provisions may be 
incorporated to allowing the weigh. U> be adjusted. For example. we,gh. plugs may 
he attached to tite high pressure valve portion 32 to allow adjusmtent of the weight. 
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,n addition, or aitemaHvoly, a biasing m^ber can be provided .0 administer a force 
.o .he hi^ pressure vaWe portion 32. Therefore, by adjusting the weigh, or biasing of 
the high pressure vaive portion, a determined base or highest pressure necessary to 
break the seal between the area 34a of the high pressure valve portion 32 and the high 
pressure valve seal 36 to release fluid from an interior of the storage tank «> the 
surrounding environment can be entered into the apparatus. 

At leas, one of the low pressure valve seal 46 and the high pressure valve seal 
36 can be formed ftom a pliable maierial in onler «, minimize the effect of debris on 
U>e integrity of ^ fluid-tight seal arrangement. A fluid ti^t seal arrangement is 
desirable to minimize and/or prevent release of fluid vapor from the interior ,12 of 
the storage tank 110. If debris is in«,duced at ^ch a seal, the pliable material may 
defonn to mold in response to Are debns. thereby minimizing and/or preventing any 
effect the debris may oflterwise have on the inte^ty of the fluid-tight sealing 
arrangement The pliable material can be selected ftom a variety of materials 
including a polymeric material, thermoplastic materials, elastomenc materials such as 
rubber, and/or closed-cell materials such as a foam. A clos^-cell material may be 
desirable to provide a pUable material that substanUally prevents fluid communication 
ther^hrou^. Moreover, the seals may be cut ftom the substantially closed-cell 
material such that a series of cavities <,.e.. partially closed cells) are located adjacent 
to the surface where the materia, was seve^. In use, Uresc caviUes may receive fne 
parUculate debris that can actually fltrther enhance the fluid-tight seal between 
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c^^ts of tt-e pressure management apparan^. Meanwhile, *e fllrers are 
effective to prevent introduction of larger debris that may interfere with the sealing 
integrity, ta one exemplary embodiment, the elosed-cell material comprises 
epichlorohydrih. Closed-cell epichlorohydrin. for example, may provide the 
necessary pliability without fluid communication therethrough and can have severed 
edges to encourage retention of fine particulate debris. Moreover, epichlorohydrin 
can prov.de excellent durability and extend the seal life due to its abiliR, to withstand 
the harsh operating conditions encountered by a pressure management apparams. 

As also seen in FIOS. 3 and 4. the pressure management apparatus 10 may 
flrf,er include an inner cage 14b to provide a vertical travel pad. for the high press^e 
valve portion 32. The inner cage 14b may have a lip 14c to assist in mounting the 
inner cage 14b to the housing 12. For example. ti.e lip 14c may be effectively trapped 
between tile upper housing 14 and lower housing 16 prior to fastening the upper and 
lower housing together witi. teeners 26 for example. As further illustrated in FIOS. 
3 and 4. a lower protrusion 14d may be provided to ttap tire high pressure valve seal 
36 with tire housing 12. Trapping die high pressure valve seal 36 in this mamrer may 
avoid requiring an adhesive or oti.er securement to attach the seal U, a.e housing. It is 
contemplated, however, that the hi^ pressure valve seal 36 can be adhered to tire 
housing 12 with an adhesive as well as being pressed against the housing by the lower 
protrasion 14d of the inner cage 14b. 
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AS best seen in FIO. 3, Ae inner eage 14b may further include one or more 
ope„ing(s) 15 adapted to facilitate fluid release fi..m the pressure management 
apparatus 10. An enviromnental-side filter 70 may be provided to minimize and/or 
prevent debris ftom traveling to the interior 12a of the housing 12 from the 
surrounding environment. Similarly, a tank-side removable filter 60 may be provided 
to minimize and/or prevent debris fh>m traveling ftom an interior 112 of a storage 
tank 110 to the interior 12a of the housing 12. Exemplary filters may be formed ftom 
a mesh material, such as a wire mesh or appropriate gauge or pore size. However, it 
is unde^tood that other pressure pervious materials and/or arrangements may be used 
for the filters including a fabric mesh, fibrous material, or the like. Minimizing and/or 
preventing debris from traveling in«> the interior of 12a of the housing 12 can be 
beneficial to reduce introduction of debris a, the sealing areas, thereby improving the 
sealing characteristics of the pressure management apparatus. 

Each filter, it provided, can be removable in nature. In addition, one or mote 
of the filters may be selectively secured in place. For instance, the tank-side filter 
„ay be provided as a removable filter 60 with a filter portion 62 (e.g.. wire mesh) and 
a portion 64 adapted to facilitate selective securement 

ta exemplary embodiments, as shown in FIGS. 1, 3, 4 and 4A, the removable 
filter 60 may include a portion 64 configu«d to be selectively securely held between a 
portion of the housing and a portion of the vent pipe in use For example, as best 
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.e,ec«ve,secureabe.wee„*e potion .2cof.he>,o.in.nandapo«io„.8cotU.. 
adapter ,8. In altemaUve embodiments wi^out an adapter (e.g., see HO. 4A,. the 

120 of the hotting 12 and .he portion 206 of me vent pipe 200. 

components of the pressnt. management apparan. (e.g.. the upper housing 
H lower housing ,6, «d 20, inner eage i4h and option, adapter .S) may option.,, 
,e' formed ftom a thermoplastic resin with an iniectton molding process, h, one 
.ampic, the components may he formed ftom OeiHn matertai. Other processes and 
^ais may also he uaed. Por ex^tpte, components of the pt^ure management 
appa^tus may compHse aiuminum. hrass, stainless stee. and/or other metal matenals 
^..can Withstand .heoperati„gconditionsof.hepressu..ma„age»en. apparatus. 

Exemplaty methods of tahricating the pressure management apparah. 10 will 
„ow he descrihcd. In the illustrative emhodiments, the hi^ pressure valve seal 36 
^ positioned in a groove formed in the lower housing .6. The hmer cage 14h 

protrusion 14d ahuts against an upper surface of the high pressure valve seal 36. The 
u^ housing ,4 can then he placed against the lip 14c of the tnner cage 14h. Tlte 

pressesagainsttheuppersurfaceoftheh,ghpressu,eva,vesea,36torestrain.hehigh 
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housing 16 wim a plurality of « 26 «. fonn a urn. rfng *e upper 
housing 14, lo»orhousi„g 16, inner cage 14b and high pressure valve seal 36. 

Ne.,, an exemplary procedure tor assembly fl-e pressure valve 30 is described. 
An optional adhesive layer is firs, applied .o .he area 44b of .he lower pressure valve 
portion 40. An annular cen.er cu. ou. of Ure lo« p^ssure valve seal 46 is placed over 
Ure shank 43 and slid down such d,a. *e low pressure valve 46 seal abu. Ure adhesive 
layer adjacen. «>e area 44b of .he low pressure valve portion 40. The washer 48, ,f 

pressure valve sea. 46 witi, respeC ^ U.e plug 42. The shank 43 is d,en slid .hrough 
a. opemng 33 of ti>e high pressure valve portion 32. A biasing member 52 (e.g., 
compression spring) may also be insCed over .he shank 43 and tiren a s.op member 
54, such as a nu., can be insUlled on tt.e shank 43. 

The pressure valve 30 is a,en placed wittrin the im.er cage 14b such to. i. is a. 
leas, partially wiftin *e in.erior 12a of tire housing .2. T1.e weigh, o, ti.e valve 30 
cause tire valve 30 .o move downwardly whhin tire inner cage 14b until ti,e area 
34a of .he high pressur. valve portion engages tire high pressure valve seal 36. Tl-e 
environmcn.al-s,de filler 70 may tiren placrf over tire inner cage .4b .o minimise 
and/or proven, debris from — to ti.e i„.erior .2a of tire housing 12 fion, tire 
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.a. ..ones ... .e B definea . . 

portion 14a of the upper housing 14. 

O-*.. n can a>so ^ t„3«n«. in a ^ve of adap.. IS an. ..e 
..e„,.a.a..S.o.*eaaap...Sea„-co.p,eaw...e«^a„^.04on 

nf the removable filter 60 may be 
. At least a portion oi tne remu v awi 

the end 102 of a vent pipe 100. At leasx p 

,3.ea>n.anU..eHo..o..eaaap..,S->*epo.on«or.e..«a.u..e 

,Sc on.e aaa.. .S. He. .e — o..e .... . .a. e 

. ■ . inft with the use of the adapter 18. m 
coupled to the end 102 of the vent p>pe 100 with the 

^eu,a.thelntetna.t.uead..a„f.eeo.utec.otl.n.a.heeoupled.*e«etna. 
Ld. ISa of the adapter to couple the adapter IS ....ehoush.. ... 

secure, holdln. the r^ovahle «lter .0 hetween portion of t^e 

PTO 4A^ the removable filter 60 and 
In an alternative embodiment (e.g., see FIG. 4A), 
.„nec.rl.™.he.edfor.o^on..-ven.pi..OO.i*„ut.en.. 

..<.3pter.,nt.sen.hodin.enMHe«Uercanhein.ertedint„.eventpr..«,^. 
.upper portiona4 of the mterao re... a^inst the portion .Oaoftheventptpem 

* 1 0K ran be coupled with the extenor 
Kext, the interior tee^s 16a of the connector ,2b can be coup 

^3 204 of the end 202 of the vent pipe 200 to se« secure, hold 
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removable filter 60 between a portion 12c of the housing and the portion 206 of the 
vent pipe 200. 

Once (he pressure management apparatus 10 is installed, vapor loss from the 
storage tank 1 10 is minimized while protecting the tank 1 10 ftom damage due to over 
or under pressurization. If pressure within the tateHor 112 of the storage tank 110 
rises above a predetermined pressure, the high pressure valve portion 32 temporarily 
rises to break the seal between the area 34a of the high pressure valve portion 32 and 
the high pressure valve seal 36. Pressurized gas within the tank interior 1 12 ean then 
.ravel up through the vent pipe 100, through the filter portion 62, through openings 15 
(see FIG. 3) in Ure inner cage 14b and out one or more vent openings 80 defined 
between the lid 20 and the housing 12. After .he pressure within .he interior 1 12 of 
tt,e storage tank 1 10 drops sufficienUy, the high pressure valve portion 32 drops again 
to reestablish *e seal between the area 34a of the high pressure valve portion 32 and 
.he high pressure valve seal 36 to minimize and/or prevent further release of gas ftom 
within the tank interior 112. The removable filter 60 minimizes and/or prevents 
debris ftom traveling ftom the interior U2 of the s«>r.ge tank 110 to the interior 12a 
of the housing .2. Accordingly, Are removable filtex 60 erirances *e functionality of 
the high pressure valve seal 36 and the low pressure valve seal 46. 

,f pressure within the interior 112 of the storage tank 110 drops below a 
predetertUined value, the plug 42 of the low pressure valve portion 40 temporarily 
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shifts downwardly wi* respect to the high pressure valve portion 32, against .he force 
of the biasing member 52. the^by breaking .he seal between the area 44a of the high 
pressure valve portion 32 and *e low pressure valve seal 46. Fluid from fte 
surrounding environmen. may then admitted tough fte ven. openings 80, teough 
U,e environmenul-side flUer 70, *rough channels 38 defined in *e high pressure 
valve pardon 32 and *r„u^ .he ven. pipe 100 .0 U.e in«rior 112 of me s.orage tank 
110. After the pressure within the interior 112 of the storage tank 110 rises 
sufficienlly. fte plug 42 shifts upwardly witt. respec. .o .he high pressure valve 
portion 32. under *e influence of toe biasing member 52, .o rees.ablish *e s^ 
between the area 44a of U,e high pressure valve portion 32 and the low pressure valve 
seal 46 to minimize arrd/or pr^ent furth. release of gas from wifhin ttre .ank in.erior 
,12. The enviromnenul-side fil.er 70 minimizes and/or prevent debris ftom 
^veling .0 me interior 112 of the storage tank 110 from the surrounding 
enviromnent. Accordingly, the enviromnental-side filter 70 enhances .he 
functionalily of toe high pressure valve seal 36 and .he low pressure valve seal 46. 

Meftods of providing a pressure management apparaUrs 10 include providing 
toe adapter 18 configured tor coupling to *e end 102 of fl.e ven. pipe 100. The 
connecor 12b of *e housing 12 can be removably engaged wi,h the adapter 18. 11.0 
pressure valve 30 can also be loca.«l a. leas, partially wi*in Are interior 12a of 0.e 
housing 12. The removable filter 60 includes a portion 64 bopped between a portion 
,8c of the adapter 18 and a portion 12e of Rehousing 12 to resttain movemen. of .he 
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filter 60 with respect to the housing 12 and the adapter 18. The exemplary methods 
include the steps of disengaging the comiector 12b of the housing 12 from the adapter 
18 to release the filter 60. The filter 60 may then removed from an area of the 
pressure management apparatus (e.g., the interior 19 of the adapter 18). A new filter 
can then inserted into the area (e.g., the interior 19 of the adapter 18) and the 
comiector 12b may then be re-engaged to the adapter 18 such that a portion 64 of the 
new filter may then be trapped between the portion 18c of the adapter 18 and the 
portion 12c of the housing 12 to restrain movement of the new filter with respect to 
the housing 12 and the adapter 18. 

Additional methods of providing a pressure management apparatiis 10 include 
providing the housing 12 with the comiector 12b removably engaged with the end 202 
of the vent pipe 200. The pressure valve 30 may be located at least partially within 
ti^e interior 12a of tiie housing 12. The removable filter 60 can include a portion 64 
trapped between a portion 206 of the vent pipe 200 and a portion 12c of the housing 
12 to restrain movement of tixe filter 60 with respect to the housing 12 and the vent 
pipe 200. The methods may comprise the steps of disengaging the comiector 12b of 
the housing 12 from the vent pipe 200 to release the filter 60. The filter 60 may then 
removed from an area (e.g., the interior of the vent pipe) and a new filter may be 
inserted into the area (e.g., tixe interior of the vent pipe). The comiector 12b of the 
housing 12 may then be re-engaged wifli the vent pipe 200 such that a portion of the 
new filter may then be trapped between a portion 206 of tiie vent pipe 200 and a 
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portion 12c of the housing 12 to restrain movement of the new filter with respect to 
the housing 12 and the vent pipe 200. 

As alternatives to the methods described in the two paragraphs immediately 
above, the original filter can be simply cleaned in place prior to re-engaging the 
connector rather than removing the filter and inserting a new filter. 

The foregoing description of the various examples and embodiments of the 
invention has been presented for the purposes of illustration and description. It is not 
intended to be exhaustive or to limit the invention to the precise form disclosed. 
Many alternatives, modifications and variations will be apparent to those skilled in the 
art. Accordingly, this invention is intended to embrace all altematives, modifications 
and variations that have been discussed herein, and others that fall within the spirit 
and broad scope of the claims. 
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